Jackson Automatic monitor for lead emissions from stacks them and then using these results to set the corresponding monitor readings at the correct level. Once locked-in in this way changes would only be needed if the stack conditions were altered or some significant change made in the sampling procedure.
Introduction
The Kodak Ektachem analytical system is a unique concept recently introduced into the field of clinical chemistry, which applies the company's considerable experience in photography. In contrast to conventional clinical analysis, the chemistry is carried out on a thin film of interacting chemical layers termed a slide. In the analytical instrument produced by Kodak, a dispenser places a drop of serum onto the slide which is then moved into an incubator to develop the colour reaction. The measurements are carried out by reflectance densitometry.
Thin film chemistry
The principles of this technique can be described by reference to the analysis of urea. Figure shows a schematic diagram of the slide used and also illustrates the chemistry integrated into the multilayers. The spreading layer is an isotropically porous non-fibrous layer with an 80% void volume and a mean pore size of 1.5 microns. The spreading and metering action which is aided by surfactants, compensates for any differences in sample size (nominally 10/.tl are applied) and serum viscosity. A constant volume per unit area is then naturally applied to subsequent layers of the slide. High molecular weight materials, such as protein, are removed by this layer and consequently do not interfere with the subsequent analysis. Titanium dioxide is incorporated in the spreading layer to improve its reflectivity.
It also acts as a white background for reflectance measurements against which the colour density produced in the indicator layer can be measured. The reagent layer contains the urease which catalyzes the hydrolysis of urea in the sample to produce ammonia. Water from the serum sample applied, swells the gel allowing the urea to diffuse into the layer. The layer is buffered to pH 7.8 and this maintains the * Translated from the German by R. Arndt and P.B. Stockwell.
The German text of this paper will.be published in part in the November 1979 issue of G-I-T Labormedizin. ammonia at a low level, and subsequently extends the range of the assay. A third layer consisting of cellulose acetate butyrate with selective permeability, allows nonionic materials such as ammonia and water to pass through to the indicator layer. Ionic compounds are excluded, providing some degree of selectivity. The indicator layer consists of a gel-binder incorporating the indicator reagent, in this example, N propyl 4 2, 6 dinitro-4 chlorobenzyl -quinolinium ethane sulphonate. Free ammonia which diffuses into this layer reacts with the indicator to form a dye which has a molar absorptivity of approximately 5000 and a broad absorption peak at 520 nm. The reflectance density is measured off the peak at 670 nm. The final layer is a clear polyester support upon which all the other layers are coated. It is transparent and allows measurement of the dye density formed in the indicator layer. Slides for urea and glucose determination are also available. Research has been strongly stimulated by the knowledge that Kodak had developed the multilayer film technique and many more methods are forthcoming.
The authors' experiences with the technique for the determination of the concentration of glucose and urea in serum are presented in this paper. The experimental work was carried out using an investigational unit over a four month period. The evaluation was directed towards assessing the analytical reliability of the thin film concept rather than to the technical reliability and practicality of the instrument used.
In the technique described in detail elsewhere [1, 2] , drops of serum are directly applied to the analytical slides. Relatively high concentrations of the analytes to be determined, and also any interferences in the undiluted sample, are therefore in contact with the reagents held in the individual layers. In conventional techniques, samples are usually diluted by factors of 1:10 or 1:1000. Special attention in this evaluation was focussed on determining any possible interferences due to various exogenic and endogenic compounds present in the serum samples.
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Urea slide
The method for determination of urea concentration, has already been described above. The five layers of the film are summarized in Table 2 . In the urea also the reaction does not proceed to completion.
The Ektachem system was operated according to the instructions given by the manufacturer. The following comparative methods were used. A kinetic assay of urea using the urease-GLDH-principle on a Gemsaec analyser [4] , a glucose assay using the hexokinase method after Somogyi deproteinization on an endpoint automatic analyzer 5030 from Eppendorf Geritebau GmbH [5] . In addition, reference was made to an assay using the hexokinases method on a SMA 12/60 of Technicon GmbH (D-6368 Bad Vilbel). [4, 5] . The corresponding analytes were added to human sera in pathological concentrations.
Statistics
The precision was determined using the scheme described in the NCCLS report [8] . Three control sera with different concentrations (Tables 3 and 4) were determined using a fixed permutational scheme [8] . They were determined in two daily series throughout a 20 day period, and results were performed in duplicate. The calibration was carried out with 3 glucose solutions (3, 15, 30 mmol/l) with resp. without albumin. The calibration was carried out with 3 urea solutions (5, 20, 40 mmol/l) with resp. without albumin, 
Results

Precision
The between-day imprecision with 10 different control sera varied from 0.9% to 2.7% for glucose concentration, and from 1.9% to 3.1% for urea concentration ( Table 5 ).
The concentration of the preceding sample does not have an influence on the precision since as expected, the system works without cross contamination (Tables 3 and 4 ).
The within-run imprecision is smaller by approximately a factor of 0.3 to 0.7 than the between-day imprecision (Table 6 ).
Accuracy
The range of linearity for glucose (1.1 to 33.3 mmol/1) and for urea (0.7 to 42.7 mmol/1) as specified by the manufacturer, was confirmed using aqueous and albumin standard solutions (Figures 2 and 3) .
Comparing the various methods used, a very good correlation was obtained with patient sera over the entire range of measurements (Figures 4 and 7) . The mean values between Ektachem and the comparative method (2and 9 in Figure 4 . Table 3 were performed with lyophilised control sera that had been reconstituted with bidistilled water. Some of the control sera for glucose determination are suitable for use as control measurements (Table 5) .
No cross contamination could be detected using the NCCLS procedure (Tables 3 and 4 ). The mean values obtained for samples analysed after low concentrations and after high concentrations showed no significant difference.
Interferences by endogenic compounds Interference due to bilirubin was not observed in either method using concentrations of bilirubin up to 340/amol/1.
Increasing concentrations of proteins retards the peroxidase activity. It has been reported that albumin acts as a competitive inhibitor [11] . With the Ektachem method, however, a slight increase in the glucose value is observed with increasing albumin concentration (Figure 8 ). Taking an albumin concentration of 80 g/1 as the norm, at a concentration 120 g/l, a 6% higher, and at 20 g/1 a 6% lower value for glucose is obtained. In routine diagnostics, however, this influence may be neglected. This is illustrated in Figure 9 . The sera with protein concentrations above 100 g/1 were taken from a patient suffering from paraproteinemia. The determination of urea in this sample was not affected by protein (Figures 8 and 10 ).
Curme et al [ll measured a glucose concentration in a haemolytic sample which was 7% lower than with a comparative method. The authors have not observed any interference up to concentrations of haemoglobin of 6.4 g/1. Also, no interference was observed with either of the two methods due to lipemic turbidity using triglyceridglycerol concentrations up to 32 retool/1.
Interferences by exogenic compounds Using the experimental procedure (Table 9 ) from a range of 46 compounds that were added to a pool of sera, significant interferences were only observed with the following compounds: chloramphenicol, tetracycline and ascorbic acid. Experiments were repeated adding these compounds to the same pool of sera in various, but lower concentrations which more closely approach those actually occurring in blood (Figures 11 and 12 ). This showed that only ascorbic acid produces a significant interference in the determination of glucose. The relevance of this interference cannot be Fluoride is an inhibitor for urease and the manufacturer recommends that any plasma samples with fluoride present should not be used. With both glucose and urea methods, a positive bias was observed for serum which has been spiked with sodium fluoride (Table 7) .
Practicability
The system is easy to operate, and it is almost impossible to make operating mistakes. The technica! reliability of the instrument has been evaluated because an evaluation instrument was used, which was designed for glucose and urea determination only. The commercial instrument will be differ.ent. The control sera were analyzed and calibrations were carried out daily. The instrument settings remained fixed during the time of the experiments. The coefficients of variation were somewhat lower on average for a fixed calibration (Table 11 ). Therefore, one calibration per batch seems to be sufficient to obtain the necessary precision of results.
Conclusion
The determination of concentrations of glucose and urea in human sera with the Ektachem system for analysis proved to be very precise and accurate. Commission on Automation, and together they prepared a series of papers to be presented at various international congresses, hopefully covering many of the factors to be taken into account when choosing instrumentation for the laboratory. These papers will be printed in the next issue of the Journal of Automatic Chemistry.
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